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This  study  was  oiade  by  the  Escape  Section  of  the  Biophysics  Branch,  Aero 
Medical  Laboratory  of  the  bright  Air  Development  Center,  with  Lt,  Edward  G 
Sperry,  Lt*  Gene  M.  Schwartz  and  Lt,  Raymond  m,,  Madson  serving  as  project 
engineers.  Authority  for  the  work  was  Project  7218,  "Biophysics  of  Escape, 

Task  71719.  "High  Altitude  Escape  Studies", 

The  dummy  drops  were  divided  into  two  phases.  Phase  I,  described  in  this 
publication,  was  concerned  with  unstabilizea  drops.  Phase  II  will  be  a  study  of 
the  means  of  stabilizing  the  free-falling  body. 

This  report  was  written  by  Lt,  Raymond  A,  Madson,  and  physical  preparation 
was  done  by  Mrs,  Loretta  B,  Carter  and  Mrs,  Dora  E,  Weaver, 

This  report  is  UNCLASSIFIED. 
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ABSTRACT 


The  Characteristics  of  instrumented  dianmies  carried  aloft  to  predete^ned 
<+idBa  were  studied  during  the  free  fall  in  unstabilized  situations.  These 
we^rob^^iverto  as^e  an  attitude  permitting  spins  about  a  transverse 
angular  velocities  recorded  on  accelerometers  exceeded  rates 
^"'cltme  ilt^h^^  iSerance.  This  study  justifies  further  tests  to  develop 
a°Sethod  of  stabilizing  a  man  descending  from  high  altitudes. 
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SECTTION  I 
introduction 


.  „  BritU.  »ci.nti,.s  P.  B  K.^ 

•°  Lie  No.  Meoh  Eeg.  179,  ■TBe  .^ke  eonflguretion  tend  to 

roireLtiufi  ?r  Ms^J^^ce- 

^"fd;te  o« -r  “  “Lftr^orL”  for  «=B  BlBher  altitude. 

■='“I"io  MO  feerriSried  on  By  the  British  ecientxsts. 

.-Q  tU©  • 


fi-ee  fall  is  considered  necessary,  because. 


d.h«ck  at  high  altitude  might  injure  the  man  or 
a.  Parachute  opening  shock  at  nign 

-ft  the  parachute*  ^  m  xn 

be  Extreme  cold  of  ^imf.^^her^^  re^i^ 

-  or  erposure. 


c* 


A  large  oxygen  supply  -uld  he  needed  Bor  a  alow  desoent. 


^  BTht  result  in  death  or  injury  from  exposure  to  lo 
d.  Slow  descent  might  resui 

r^soheric  pressure. 

sero  Medical  lahoratory  f 

.niibllity  of  mahing  a  study  of  this  P^”'  ^Ltrumentstlon.  photo  ooTerage. 
tiers  were  consideredi  test  aid  techniguea,  ■f®*® 

:rrcrs«  "arf-:®:  :coo.pllsh.ent  of  th,  o«r-.ll  Mssion. 

coordination  of  support  and  1^ 

:;i  rrij  ror"htgr.s-  Ss're“x?.d 

■;!:rr;o  -op... 

This  report  considers  the  factors  fi  nil ’evaluation  of  Phase  I,  "The 

•;:ter.s  and  techniques,  results  of  tes  , 

-stabilized  Dunmy  Drops". 


■a  57-477  Pt  1 


SECTION  II 

methoib  and  results 


test  'VEHICIiS 

■1  V  nortna  •Pilled  with  helium,  were  the  only  vehicles  capable  of 
Polyethylene  balloons,  ^  tests.  Various  types  and  sizes  ,  .f; 

obtaining  altitudes  desireu  will  be  noted  under  -Test  Resulta*.^" 

of  balloons  were  used  throughout  -onmonlv ’used  in  the  later  stages  of  the  project 

General  Mills  TT  balloons  were  most  commonly  used  in  i-n 

for  three  main  reasons. 

a.  i  sraat  deal  of  experience  Had  proral  tneae  balloons  rerjr  reliable. 

b.  Tbe  payload-altitude 

"ibi^  :^d":  balloons  carrying  one  d^n.  per 

balloon, 

a.  i  ^-V,ea  P^Tt^rsl  MlllS  128'  TT  bSllOOM 
a  The  Air  Torce  already  had  a  stooh  of  the  General  Mill 

ahich  were  readily  available  for  this  project. 

use  of  balloons  had  iiStatiois’'iiflueMti°s“eotion  of  the  ' 

launch,  flight,  and  recovery  areas.  These  ijmta  ^ 

test  site. 


test  site 

.or  a  test  site,  a  large.  - 

ditions  was  neeaed.  Other  requirements  were  supporting  ag  ^ 

furnishing  adequate  support  ins 

a.  Maintaining  the  instrumentation  and  equipment,  *  ,  , 

b.  Packing  the  parachutes,  •' 

c.  Providing  photographic  coverage  and  service, 

d.  Launching  the  test  vehicles, 

e.  Making  the  recovery, 

f .  Providing  any  other  support  necessary  for  completion  of  a  missicm. 


WADC  TR  57-477  ?t  1 


•2 


-elected* 


New  kexico 
therefore 


IjUi-i-JSS 

iinthropoiiiorphic  dummies  with  controlleu 
t!t^f  limbs  and  appendages,  and  resemb- 

^ovement  0  n,iie  ^'^^i^°^‘'t;ats 

-lit  -  200  pounds)  were  used  in  these  tests. 
ft'Sstribution  and  body  configuration  were 
similar  to  that  of  an  average  man  of  rclativ 
ly^Lrge  stature.  (?ig.  !)• 


Hw  rriUi''i£NT'a  11 CN 

The  dummy  instrumentation  Kit  consisted 
of : 

a  One  N-6  GSiiP  gun  camera  modified 
to  run  8  fr^es  per  second  using  a  5°  shutter. 
The  camera  was  eq.uipped  with  an 
Lens.  A  50 -foot  magazine  of  l6  mm  dayligh 
Koaachrome  film  was  used, 

h  Eleven  recording  accelerometers , ^ 

*  •  -.,1  ■»-vrnp»  kit  3.nd  "tbrcc  mounusd 

ei^ht  in  a  survival  type  Kit,  ana 

along  the  dummi''*3  bacK,  (Fig*  2J* 

c.  One  14-channel  Century  Model 
.,09  Gscilloiraph.  eleven  channels  receiving 
ir-nsmissions  from  the  accelerometers,  c^n 

serving  as  a  voltage  trace,  ana  two  record  g 
inoe -reference  blips* 


Figure  1.  Test  Dunmy 
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w 

f’  ,  Eighteen  HR-1  Silvercel  batteries  which  supplied  power  to  fire  the 

.  at  cut-down,  run  the  camera  and  oscillograph,  and  furnish  voltage  for  the 

e.  One  modified  Brailsford  timer  to  sequence  cut-down  and  operate  a 
etching  relay, 

f.  One  g-proof  latching  relay  to  turn  on  the  recording  instruments  and 
the  free  fall  was  completed,  turn  the  power  supply  off. 


f  JhHH 

l^i 

Warn 

Figure  3,  Instrument  Kit  with  Instruments 

i»ll  dunmy  instrumentation  was  containea  in  a  survival  type  kit, 
the  exception  of  the  three  accelerometers  mounted  on  the  dummy  s  ac  • 
kit  .^as  attached  to  the  saddle  of  the  parachute  harness  with  two  quick-release 
cl^ps,  one  on  either  side  of  the  kit.  These  clamps 

tts  Kit  from  the  dummy  at  a  preset  altitude  by  a  class  F-lA  tamer  installed  ^e 
bwttom  of  the  kit.  Upon  separation  from  the  dummy,  the  kit  would  descen  on  x  s 
»«racnute. 

The  balloon  instrument  box,  which  accomplished  cut-down,  contained  its  OMm 
supply,  (batteries),  a  radio  receiver  through  which  the  cut-down  commnd  was 
iruasmitted  to  the  dummy's  instrument  kit,  a  mechanical  clock  cut-down  system  to 
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override  raaio  command  failure  if  it  occurred,  a  barometric  safety  device  which 

automatically  if  the  ballooh  rose  above  30.000  feet  ehd  started  to^ 
fefcend!  and  aay  other  equipment  required  for  the  flight.  The  b^loon  cut-do™  be. 
rrco“ry  ^achute.  flown  open,  was  an  18  to  24  foot  cargo  parachute.  .  .1 

CrtLIBiiATIQN  OF  INSTRinyiENTiiTICN 

In  order  tuat  the  data  reduction  agency  would  have  a  standard  with  which  they*;^ 
could^orrelate  tne  raw  data  for  reduction,  a  calibration  “f 
kit  prior  to  every  launch.  The  calibration  was  also  used  as  a  visual  check  to  ^  ^ 
Sterne  whethe^or  not  the  instruments  were  functioning  properly  in  the  laborat,^. 

The  data  reduction  agency's  requirements  were  that  they  have  a  record  of  the  I 
for  every  calibration  to  maintain  congruity. 


CHECK  LIST 
Pre  Calibration 


Flight  Data 

2  Galvanometer  plugs  in 
1  remote  plug  in 
Off  -  ON  Switch  ^ 

Fuses  OK  8,  4  and  1  amp 
Plain  Power  External  on 
Paper  Capacity,  feet,  full 
Light  intensity  6-29V,  1-20V 
Test  Box  plug  in 
GSa  plug  Out 

Calibration  (run  3  to  6  seconds) 

Run  y^l.  -iero  Voltage.  Apply  24-28  Volts  to  oscillograph  power  plug. 
^2.  24-28  Volts  Cal.  An-ply  24-28  Volts  to  Kit  and  oscillograph.^ 

Bottom  down  and  feet  down 
y^4.  Top  down  and  head  down 
^3,  Right  down  and  Back  down 
Left  down 
Fore  do\fli 
Aft  down 
^9.  Shaking 

Figure  4*  Ceilibration  Check  List 


■:W 


Volts. 
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,„ain  the  ?:riay'e; 

“w^tpLii'hclea  in  which  the  pins  could  be  ihserted.  “*^“;„S!ograph 

,.j-iou^ly  .  ,  the  kit  placed  on  the  pins  and  leveled,  and  then  the  03Ciixogiai» 

:=s  ?r?perlcd  of  f  I  8  seconds.  This  proce-ure  was  faioweu  for  eve^  at 

'v-rne-^^o^d  ^til  the  last  run,  at  which  time  the  kit  was  shaken  vigorously  as  the 

'ifiSosraPli  '^as  recording. 

imt-ion  of  the  calibration,  the  record  was  developed  and  inspecteu  to 
""-S'al  recSdl^  iStruments  in  the  at  were  functioang  properly,  ttic 
;c.'ure  ^  faiy  loaded  film  magasine  was  installed  on  the  oscillograp  . 

'‘'^'^^as^ready  for  the  final  preparation  and  check  in  the  laboratory. 

^•+oT’  the  flight  and  recovery  of  the  packages,  the  raw  data,  plus  the  call 
-.,.l!Xre  »^^tted  to  the  data  reduction  agency. 

;.;w'T0  GOVEKaSE 

Tn  the  initial  phase  of  the  Dummy  Drop  Tests,  black  and  white  still  photos 
iia..d  in  the  over-all  system  and  launch  were  taken.  This  included, 

•  oU  in3«t  closea.  ready-to-fly  kit;  the  readyto- 

...  amuny  was  discontinued  and  the  black  and  white 

'uiinSe  ?ak:S  only’when  major  modifications  of  the  system  or  equipment  were 

preparations  at  the  launch  site  and  the  launch  Itself  were  recorded  on  l6  nm 
:.>yiight  Kodachrome. 

ri.erei'ore,  it  was  not  commonly  requested, 

A  V  uRXES 

Due  to  the  extremely  cold  temperatures  encounter^  woiad^be^nee^*  *For  this, 
ngiually  believed  that  insulation  for  the  instruments  would 

»  large ,  black,  insulated  bag  with  a  small  bottom  of  the 

:^-balloon  attachment  SeXcok^Lfch^allowed  the  durmy  to  drop 

-iei  was  tacked  shut  wxth  a  light-weight  break  cora 

J’ree  when  it  was  released  at  altitude# 

It  was  decided  that  the  black  bag  absorbed  wa^StSiSf 

tt-ui.tion  beg  was  adopted.  (Fig.  b).  Ih  the  ensuing 

«  instrument  kits  and  kit-duamy  connections  j^ou^^the 

It  was  felt  that  this  damage  resulted  ^  the 
of  the  bag,  and  the  practice  of  using  insulation  bag 
'-titdoneg. 
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Figure  ?•  Kit  Parachute,  Packed  in  Lid. 


liivvCiiUTE  AaSH'-lBLIES. 


M 


Three  recovery  parachutes  were  used  on  the  diw  dropai 


..  Th.  d-:;.  «oov.ty  parachut.  was  a  st^dart  pa^ 

Mpy.  Th.  paraohut.  was  activated  at  a  out-dowi. 

k  Cluds  F-Lu.  timer  installed  in  the  pack  and  aimed  by 


b.  The  lhatrwm,nt  f  ‘  ^a^S^was'fepLjS^V 

:.:r.rnnrst  s:p2:uon  5  r.  StvLnhl^aw  at^i^^o^..^ 

ite  WU3  attached  on  one  end  to  the  ^^“j^^p^retaining  the  parachute  in  the  lid 

f-rvn^  installed  in  the  B-4  harness.  Kit  lid  flaps  re^ai  ^  cutter  installed 

e  ued  Shut  with  relatively  strong  "ttaSSllaprtrprevent  it 

•-;.e  static  line.  The  static  line  was  tacked  to  the  retainer  naps  w  p 

~  becoming  entangled  with  tne  dummy# 


c.  The  ballcoh  cut-down  box  recovery  • /i”*”  “Hisf  depeStS 

■:.e  bauson,  (Fig.  8).  was  an  18  to  24-foot  cargo  parachute,  the  size  depending 

‘.r.e  payload  of  each  mission. 


>.  auminy  chest  reserve  parachute  was  also  used  the  reserve 

-lulling  dummy  a  more  realistic  configuration,  reserve  was  discontinued. 

^  :--t  affect  aerodynamic  forces  in  the  fall,  and  use  of  the  reserve  was 


tit- 


Qj- 
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LaUKCH  technujjes 


Three  different  launch  techniiiues  were  used  in  the  duinny  drop  program: 


..r 
‘  ^ 


a  Platform  Launch  -  The  balloon  was  stretched  out  on  a  canv^  atrip  ^ 
oYer  the  ground.  The  upi-er  portion  of  the  balloon  was  fed  through  a  pair  of  laimd 
^  reaeSS^  a  wLhi^-makne  wringer.  The  balloon- inflation  tube,  through^: 

4^.tort!d,  f«i  into  the  upper  portion.  The  haUoon  ^ 

ettJ^  to  the  louer  end  of  the  balloon,  and  the  inatrujnentea  danmea.  resting  on 
a  three  Divot-wheel  cart,  (Fig.  9)  were  connected  below  the  instrument  box.  Wh 
the  balloon  was  inflated  and  the  inflation  tube  tied  off,  the  la^ch  arM  w«e  ; 
released,  allowing  the  balloon  to  ascend,  (Fig.  10),  ^  the  a  • 

dummiw  off  the  cart.  The  three 

the  eVKit  the  balloon  did  not  riae  directly  in  a  vertical  position,  bu 

an  angl..  Howaver.  the  cart  did  not  funetion  in  the  na^er  inte^e^ 
and  after  "“"y  of  the  duimiea  launched  by  this  method  were  dragged  al  ng 
this  typo  of  launch  was  discontinued.  • 
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V  «  ■■ 

p.  Covered  Wagon  Launch  -  The  "Covered  Wagon"  was  a  large,  canvas-liaed'^'l^fj 
trailer,(Fig,  11)  in  which  the  top  portion  of  the  balloon  was  inflated,  (Fig.  12)  ’-v::. 
The  dumnies,  as  in  the  Platform  Launch,  were  resting  on  a  three-pivot-wheel  cart^*  '^^ 
and  attached  to  the  bottom  of  the  balloon  instrument  box,  which,  in  turn,  was  con¬ 
nected  to  the  bottom  end  of  the  balloon.  The  launch  was  effected  by  releasing  one  ’ 
side  of  the  canvas  serving  as  the  cover  over  the  wagon.  When  the  canvas  was  releaaM  ^ 
the  balloon  was  freed  and  ascended,  (Fig.  13)  lifting  the  dummies  off  the  cart.  ThT’ 
technique  resulted  in  too  many  abortions  by  apparently  causing  small  pinhead  ).eak8  t* 
develop  in  the  balloon,  resulting  in  unsatisfactory  altitudes  on  the  drops.  ^ 
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c.  Vertical  Launch  -  Two  types  of  vertical  launch  were  used: 

!•  The  upper  portion  of  the  balloon  waa  inflated  under  a  half  spherf^S 
ical  canvas  which  was  held  stationary  by  men  pulling  down  on  long  lanyards  extendlae^ 
from  the  skirt  of  the  canvas  (Fig.  14).  As  the  balloon  inflated  and  rose,  the  men  ■  # 
let  out  on  the  lanyards.  At  launch,  a  pull-string  was  jerked,  causing  the  canvas 
to  split  along  the  middle  seam,  and  as  the  seam  separated,  the  men  on  the  lanyards 
pulled  the  two  halves  clear,  thus  allowing  the  balloon  to  ascend.  The  same  launch  % 
cart  was  used  as  in  the  two  previous  types  of  launch.  Since  it  was  again  noted  that^" 
small  pin-head  leaks  developed  in  the  balloon,  the  launch  technique  was  modified  caciT 
more, 

:.S' 

2,  The  balloon  was  stretched  out  through  a  pair  of  launch  aims  similar" 

to  those  used  in  the  Platform  type  launch.  The  bottom  end  of  the  balloon  was  attached 

to  a  mobile  crane  by  a  piece  of  nylon  webbing  threaded  throvigh  a  squib-fired  cutter,  - 
Connecting  to  the  balloon  and  hanging  below  it  on  the  crane  was  the  balloon  instru-  ^ 

ment  box  to  which  the  dummies  were  attached  (Fig,  15) •  When  inflation  was  complete, 

the  lavmch  arms  were  released,  allowing  the  balloon  to  rise  until  it  waa  arrested  by " 

the  crane.  In  windy  conditions  the  ' 
crsne  would  move  with  the  wind  until 
balloon  was  in  a  vertical  attitude, 
.P;'  -  and  then  the  squib  was  fired,  cutting’ 

"  '■  balloon,  with  attached  equipment, 

‘  free.  If  little  or  no  wind  prevailed, 

y.'o  jjijg  crane  would  be  positioned  for  the 

best  ascent  angle,  and  launch  would 
be  effected  with  the  crane  station-  |; 
ary.  This  type  proved  to  be  the  most 
dependable  launch  technique  for  the 
■P  y  remainder  of  the  tests, 

■ "  ^  '  '  '  -  ■  '  .  '.■% 

RBCCVERI  AILS  P  -f 


Initially,  a  modified  m-18  red  p 
smoke  grenade  and  a  5-Po^d  bag  of  red 
pigment  powder  were  to  he  used  to  aid 
tracking  and  recovery  of  the  dummy 
and  instrument  kit,  but  these  did  noV 
prove  reliable.  The  dummies  were 
dressed  in  fluorescent  red  flying 
suits,  and  colored  parachute  canopies^^, 
were  used  to  further  facilitate  rec^;*^ 
ery.  Although  visual  tracking  did 
prove  effective,  the  suits  and  canop;i^./. 
ies  were  very  satisfactory,  i 


Figure  15,  Modified  Vertical  Laxmch 
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Recovery  notices  of- 
.-ring  $25*00  reward  were 
'l^^c'aedi  to  each  dunsny  and 
.t>ctrum6ut  kit*  (Fig*  l6)* 
!r increase  incentive  to 
letum  the  packages,  in  the 
^vent  30°^®  disinterested  or 
'-infoitced  person  located 
of  the  equipment. 

*ocal  newspapers  and  radio 
legations  were  asked  for 
support  if  equipment  be- 
ggme  lost. 


•  %•■  u 


■■  ^ 

;-;f 


Figure  l6.  Recovery  Notices,  Dummy,  and  Instrument  Kit 


Recovery  support  was  obtained  from  two  sources: 

a.  The  HA.X  Balloon  Unit  recovery  crew,  which  consisted  ideally  of: 

!•  Three  aircraft  -  one  0-47#  T-33t  or  F-94,  for  higher  altitude 
trackings  and  two  light  aircraft,  (L-20's),  for  lower  altitude 
tracking  and  marking  of  package  impact  points. 

2.  Three  ground  recovery  vehicles  and  crew  located  triangularly 
around  the  impact  area,  in  order  to  establish  a  fix  on  the 
descending  equipment,  and  pick  it  up  as  it  impacted* 

3*  Radio  contact  maintained  between  all  ground  vehicles  and  aircraft 
throughout  the  entire  mission. 

This  ideal  recovery  crew  was  not  always  available,  and  consequently 
^firiations  of  the  system  were  used, 

The  civilian  residents  of  the  area*  These  were  any  individuals  on 
^  ose  land  the  equipment  might  impact,  or  persons  who  might,  by  chance  or  otherwise, 
^  the  packages.  Liaison  was  accomplished  with  these  persons  by  means  of  the 
^covery  notices  mentioned  previously# 
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DATA  SEDUCTION 


After  completion  of  the  mission,  the  oscillograph,  camera  film  and  the  calibr^^,, 
ion  record  were  sent  to  the  University  of  Dayton,  Dayton  Ohio,  for  reduction  aad‘l^& 
presentation  in  a  usable  foim.  The  methods  and  formulas  used  to  accomplish  this 
reduction  are  as  follo'rfs: 

PURPOSE! ■  (1)  To  derive  the  theoretical  equations  necessary  to  predict 
the  angular  velocity  of  a  free-falling  and  rotating  body  and  the  center  of  rotation^ 
of  that  body,  and  (2)  to  prove  the  validity  of  these  equations  under  known  geometrl^ 
conditions. 

Consider  a  fixed  system  of  coordinates  X,  Y,  Z,  and  another  system  of 
coordinates  x,  y,  z,  rotating  about  the  fixed  system.  Consider  a  point  p  placed 
somewhere  in  space  with  coordinates  x,  y,  z.  The  acceleration  of  that  point  p  ,1^ 
with  respect  to  the  fixed  set  of  coordinates  is  given  by  the  equation 

(1)  ^a^  +  ajQ+2wXVg^-*.wX%+wXCwXr^)  .:4 

Where  r^  =.  the  linear  acceleration  of  the  origin  of  the  rotating  system 
with  respect  to  the  fixed  system;  ; 

ajj.^the  acceleration  of  point  p  with  respect  to  the  origin  of  the^^^, 
rotating  system;  ' 

w  =  the  angular  velocity  of  the  rotating  system; 

Va  =.the  linear  velocity  of  point  p  with  respect  to  the  origin  of 

the  rotating  system;  :|v 

w  ^  the  angular  acceleration  of  the  rotating  system;  . 

r  *  the  distance  of  point  p  to  the  origin  of  the  rotating  system. 

Tn 

If,  however,  point  p  is  rigidly  attached  to  the  rotating  system,  then 

*  ‘'ll 

V  =  a  =0,  and  equation  (l)  becomes  M 

a  “ 

(2)  a.  =  r  ^  w  X  r  w  X  (w  X  r  )  S 

Equation  (2)  is  the  basic  equation.  £ 

Consider  six  points  in  space,  two  points  on  each  of  the  x,  y,  z  axes.  The 
following  notation  will  be  used: 
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(x) 


will  denote  the  acceleration  of  one  point 


on 


the  X  axis  in 


the  X  direction; 


a,  (y)  will 


denote  the  acceleration  of  a  point  on 


the  X  axis  in 


the  y  direction; 
•(x)  will  denote  the 


acceleration  of  the  other  point  on  the  x 


axis  in  the  x  direction. 

In  other  words,  the  subscripts  1,  ^  will  letter^in  (  )  \ku  determine  the 

‘'tton  "^ili^^oeleratlons  are  »ith  respect  to  the  fired 

‘°°rirthe  i  direction,  to  the  center  of  rotation. 

gjClS  AH 

,3ing  the  above  notation,  equation  (2)  can  be  broken  into  its  three  components 

(3)  aj^(x)  =  ■*“  ’'x 

-ri(x)  fwy2  + 

^  a  4  ,  «^+h  V  V  with  z.  and  z  with  x  in  equation  (3) 

^^?Lrfor  Vs^h^  lin;ar  acceleration  of  the  origin 

“  thr^tating  cooJdinate  system  In  the  X  iirection. 

Tor  the  other  point  on  the  axis 

r  1  ••  •  ye  w  ri’(y)  +  w^  Iw  r  '(y)  + 

(3*)  ^'(x)  =  rx  +  wyri'(2)  -  w^ri  iy;  x  pr  1  ^  J 


'I 


-  r 


2  2 
■j^'(x)  Wy  + 


Subtracting  (3’)  from  (3)  we  get 


(4)  aiCx)  -  a^'Cx)  =  jri’(x)  -  ri(x)  (w. 

since  r^Cz)  =  r^-Cz)  and  r^Cy)  =  r^^’Cy). 

Similarly 

6)  a^Cy)  -  ajHy)  » 

(6)  a^Cz)  -  a^'Cz)  = 


.’3 


Jr^’Cz)  - 


(Wj 

(W: 


r "  ''x  > 


The  quantities  on  the  left  hand  side  rigiSy'^comiected .  due  to  an  angulai; 

respective  x,  y,  z  directions  betw^n  tw  p  ’  ^gja^tion  can  be  called  simply  th<^. 
rotation  about  a- certain  iat  since  an  accelerometer  placed  on  the 

reading  of  an  accelerometer  placed  at  that  acceleration  is  due 

1  axis  will  only  record  acceleration  along  the  x  axis,  im  . 

to  rotation  about  the  y  and  z  axis  only.  i 
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and 


(7)-K  :r 


ai(x)  -  a^'(x) 
r^^'Cx)  -  r^Cx)  Tj^'Cx)  -  r^(x) 


(8)-K3:^_ 


r^'Cy)  - 


a-(z)  -  a  '(z) 


r^'Cy)  -  r^Cy) 


A  -  A. 


3  '  •  3 

Adding  (7)  +  (9)  +  (9)  gives 
-  (K^  +  Kj  =  K^)  =  2(w^^  ^ 


2  2, 
“^  +  w  ) 


2  2  2^ 
Since  w.  =  ■•■  ''z 


(10)  w  =  1(  Kj^  +  1^2 


2  .  2 
\  \ 


Also 


(11)  v<^= 

(12)  w  =  y  (Hl  *  Kj  t  113)2  " 


(13)  »^=  V  (Kj^  -  Ka  * 

Equation  (10)  predicts  the  aaguler  velocity  ahout  the  origih  of  the  .otlhg 


)r  fixed  system. 


r^^^  (^9\  (11)  give  the  component  of  that  angular  velocity  wi 

Equations  U3;  determine  the  direction  of  w^.  w^,  w^. 


Tespect  to  the  fixed  system,  hut  do 
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aiY  accelerometers  must  record 

^  this  discussion  it  is  apparent  that  all  s  ac^^^^^  Further,  the 

'jSy  Mi  reatoWe  for  the  ‘““ff  toow>  if  the  cmputatioM 

^Ltween  the  aooeleroaetera  oiust  he  acc  t  ly  accurately  and  the 

Lcurate;  therefore,  the  hit  must  j  jTOOsaible  to  detenano. 

=  m^at  he  highly  ^  «te  of  rotation. 

“'^^rthf^or^fT^IndWri  acoeltr^eter  is  completely  mdepeud- 
^'^ofth^rate  of  rotation. 


«  i-he  — 

^  1-  -h pm  is  without  physical  meaning  when  e 

center  tMt°dtaenslons.  If  rotation  about  tw  of  the  exes 


_  ted.  then  it  is  posaroue  „3eiilograph  traces  and  trans- 

rotation.  recorded  satisfactorily.  The  best  W  ^oeeier- 

ich  all  six  IS  not  by  using  the  hit,  but  W  3^31,  „corda 

oo,  uWch  the  iummy  rotates  1  !^er  of  rotation. 

f  highest!  ‘haraoceleromater  vill  he  ferthest  auey 
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mission  profile  ' 

In  order  that  the  reader  may  appreciate  what  is  considered  a  successful  M 

mission  and  understand  how  it  is  accomplished,  a  profile  of 

is  being  inserted  at  this  point.  Due  to  the  many  systems  and  the  cOTplttities  ,M 
entail^  in  a  mission,  it  will  be  obserred  under.  'Test  Results  .  that  ^  ^ 

mistakes  were  made  and  many  new  problaus  arose  with  erery  modification  of  the  .M 

over -all  system,  ^ 

.1 

Here,  in  brief,  is  the  basic  mission  profile: 

•  i 

a.  All  instruments  and  wiring  were  checked  and  tested  for  conti^ity.  . 
If  eyerything  was  found  to  be  in  order,  the  oscillograph 

the  kit  calibrated  according  to  a  prescribed  check  list.  (Fig.  4)«  ^®  ® 

bration  was  dereloped  and  inspected  by  a  responsible  technician, 

Listruments  were  not  recording  correctly,  the  discrepancy  was 
and  a  recalibration  made.  When  everything  performed  as  required,  *^®  ®®® 
graph  magazine  and  camera  were  loaded,  the  battery  pack  i^^tal^d,  the  kit  checked 
St  with  the  balloon  cut-down  box,  a  final  -laboratory  check-  made,  (Fig.  1^, 
and  the  xit  was  closed  up.  ready  to  fly.  A  recovery  notice  was  tnen  tapea  on 

0X16  sldo  of  the  Iclt* 

b  The  dummy  was  suspended  and  adjusted  to  the  desired  body  coi^igura- 
tion  and  all  joints  checked  for  rigidity.  Back  accelerometers  were  moimted.  , 

and  the  dunny  was  dressed  in  a  fluorescent  red  flying  suit,  and  the  main  personnel 
^ac^te^  attached.  After  the  parachute  was  adjusted,  the  feet  ^®d  - 

tSether.  the  arms  tied  down,  and  the  hands  and  fingers  taped  snugly  to  the  b^y. 
•SSo^ibbing  was  used  in  tying  the  limbs  to  the  body.)  A  recovery  notice  was 
taped  on  an  exposed  area,  usually  the  leg,  and  the  dumny  was  ready  to  fly. 

e  All  eauipment  was  taken  to  the  launch  area  and  weighed  to  deter¬ 
mine  the  pwload  in^rder  to  compute  the  amount  of  helium  required  to  obtain  Jbe 
Ssired  Un  ^hrLloon.  The  balloon  cut-down  box  was  attachea  to  the  bottcm 

of  the  balloon  and  raised  off  the  ground  by  a  mobile  crane.  The  dummy  the 
aLacLfbelow  “e  balloon  cut-down  box  by  threading  a  piece  of  nylon  webbing 
tJio^ra  on  the  dumnys  head,  a  D-ring  on  the  cut-down  box  and  two  squib- 

fire^Ltter^which  were  activated  through  the  cut-down  box  by  radio-com^  at 
iTZe  time.  The  instrument  kit  was  installed  on 
tS  between  the  various  systems  were  made  and  then  safetied.  parachute  static 
lines  were  connected  to  their  respective  attachment  points,  ^d  a 
chLk  made  on  the  over-all  system.  While  the  equipment  was  being  instiled  and 
inspected  on  the  bottcm  of  the  balloon,  the  upper  portion  was  being 
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FINAL  CHECK  IN  LAB 


1,  Calibration  records 

2,  2  Gal VO  plugs 
1  Remote  plug 

4,  1  Oscillograph,  power 

3,  Off  -  on  Switch  ^ 

6,  Light  intensity 

7,  Dust  tapes 

8,  Paper  capacity 

9,  Short  run 

10,  Timer  set  with  oscillograph  Off 

11,  Off  -  On  Swith  ^ 

12,  GSaP  Power  pktg 

13,  GSAP  film  loaded 

14,  F  -  stop  H-k 
13,  Battery  power 

16.  Short  Burst  on  GSAP 

PRE  FLIGHT  CHECK  AT  LADNCK 

1.  Run  Oscillograph 

2.  Run  GSAP 

3.  Check  Squib 


Figure  17 ,  Laboratory  and  Pre-Launch  Check  List 
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d  When  the  halloon  attained  the  desired  altitude,  a  radio-co^d 

^  to  a  recalyar  lastaU*!  In  the  out-lom  box  ' 

wblob  in  turn  rrieased  Toltaga  to  tbe  dunnir 

!:rtr-:«  m  rooS:«“oSS.To  tne  „uita.  cauain.  than  to  fire  and  tbu, 
releasing  the  dummy. 

e  As  the  dummy  fell  away,  the  main  parachute  static  line  was  pulled, 

?r.iaif  if  ^t™“r°xit  i«rrdfd°«eir«?iS‘ 

Tree  f><red  deulovinA  the  main  personnel  canopy*  As  the 

ffiL.  *“  ?n^t^“  idt  .aa  turned  off  and  reLaaed  from 

^^'ofb«  ::.rfid-t‘i:er.  and  tb.  inatrumenta 
pLaoSe.  Lployod,  aa  the  ait  fell  from  the  dunmijr.  by  a  atatlc  line  attached 

to  th©  xoain  parachute  harness  • 

f  The  recovery  crews,  which  were  dispatched  to  the  field  prior  to 
i«»n«h  recovered  ^recSpment  iith  the  aid  of  radio  directions  and  visual  con- 

launch f  r  _  uruiaTt  iVi«  crews  returned  to  the  laboratory  with 

tact  .1th  the  J^oTeTLI  mS“o“e  deteloped.  and  the 

fofrrin:"oLlf:?rn3T.r:T.rtrto.‘^^^^^^^  .denoy  for  final  re- 

dviction  and  return  to  the  project  engineer. 


test  results 

The  unstabilized  dumny  drops  were  conducted  in  two  stages. 

dropa^OCl  t^oush  035.  -  co«--|  K  to  toft. 

S36  through  057.  balloona  .erred  a. 

test  vehicles.  Test  results  were* 


Drop  005* 


Drop  003:  Altitude  -  3O.89I  feet,  free  fall  -  85  seconds.  ^  peak  rota- 
tion  of  92  rpm  was  recorded  for  12  seconds. 

Drop  005:  Altitude  -  30.913  feet,  free  f^l  -  86  faulty 

instrumentation  restricted  collection  of  usable  data. 

Drop  007.  altitude  -  30.99&  f«t.  -  90  «“■ 

tion  recorded  was  102  rpm  for  9  seconds. 

nroD  OOq-  Altitude  -  30. 965  feet,  free  fall  -  82  seconds.  Rotation 
Drop  009.  drop  was  not  sufficient  to  merit  ccmpu- 

tation. 

dpod  010*  Altitude  -  31.004  feet,  free  fall  -  84  seconds.  Due  to 
^  *  erroneus  tracking,  the  peaK  rotation  recorded  was  60  rpm 

for  2  to  3  seconds.  ^ 


Drop  009* 
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Qrop  Oil i 


Drop  013 » 


Drop  014 s 


Drop  013 » 


Drop  016 t 


Drop  017  * 


m 


««  oc4.  free  fall  -  86  seconds*  Faulty 

in:;  Sro-'accurat.  .etar^uou  o, 

duimiy'3  attitude  during  the  fall. 

^titud.  -  30.933  oead.  free  faxi  ^5 
rotation  of  73  rpm  was  recorded  for  3 
boc&niG  illegible# 

a^Utude  -  31.oad  feet  t 

Iau‘^ec“dr«“en  arerafi.  of  45  to  5°  rpt. 

fall. 

,  altltod.  -  30.958  feet,  free  f^l  *  “r/aStr^e  f-U 

dumny  free-fall  to  the  ground  due  to  a  faulty  zyp 
automatic  parachute  release. 

.  altitude  -  31.033  feet.  f-«  .  taS‘S 

rrrof5?t?^oT..Tee“Sir~‘  -  -- 


]3rop  018: 


Drop  020: 


Drop  021 : 


Drop  022: 


Drop  023: 


Drop  024s 


Drop  023* 


««  a»  4.  'pTeen  fall  -  84  seconds.  Poor 
Altitude  -  31»02^  feet,  film  resulted  in  no 

laage  definition  and  contraat  on  the  film  re 

data  for  this  drop. 

P  P  Prae  fall  -  82  seconds.  Poor  image 
Altitude  -  30.837  feet,  free  fail  o-: 

quality  resulted  in  no  data. 

p  p  PT.«a  fall  -  82  seconds.  Duumy  had 
"a«r:g;  e°plf  Of  «pioxin^telp  40  rpm  -itn  a  peaa  of  46 
rjtp  for  8  seconds# 

altitude  -  30.694  feet,  free  f^l  -  82  aeconde.  Nowata 
Obtained  due  to  poor  image  on  film. 

/««  «  ..p  Preap  fall  -  83  seconds.  This 
Altitude  -  30.623  feet.  '“^3  3^“^an  average  of  6o 

dumny  rotated  aoin"  was  not  encountered 

rpa.  The  characteristic  'flat  spin 

here. 

altitude  -  30.637  feet,  ^ee  fall  -  80  eeconda.  So  data 

obtained  due  to  faulty  film* 

.  ,  ■  p  p  p.:-®  fall  «90  seconds.  Dunmy  4ad 
,  Altitude  -  30.444  ^ 

an  average  rotaticm  of  33 
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««  nn  fall  -  Bot  recorded.  Complete 

Drop  026!  ;„3°;SIined.’but  record^  rotation  aTepaged  20  r». 


o«  ^Lc  ■Pf«e  fall  -  83  seconds.  Hunny  was 

teop  027!  „P.ptioa  of  a  rotation  of  45  n. 

for  10  seconds. 


..V> 


Orop  028!  altitude  -  30.565  feet,  free  fall  -  83  seeonde,  Ouew  rota- 
ted  60  rpm  during  this  fall* 


I^p  029!  Altitude  -  30.509  faat.  tree  fall  -  87  aooonde.  *a  average 

of  23  rpm  was  recorded. 


e,/^  I  La  •f'raa  fall  -  88  seconds.  A  coning 

“oUOT  of'lO  ipm  uae  ricorded  throughout  thia  fall. 


Drop  031!  Altitude  -  27.647  *»•*• 

rotated  at  an  average  of  12  rpm. 


Drop  032!  Altitude  -  27.555  feat,  free  fall  -  53  setonds.  Thi.  .uh- 

Brop  032.  „„aged  46  rpm  in  a  coning  motion. 


Drop  033!  Altitude  -  25.989  fet.  free  fall  -  50  aeconde.  Subject 
Drop  03 j.  an  average  of  47  rim. 


nrep  034!  ^  tWa  i:Sp.“«  aubject  w«i 

c^tantly  changing  body  configuration. 


01  o'7o  4»oa!+  free  fall  -  8?  seconds.  IXiniiiy 

Drop  035*  Altitude  -  3^*373  *-  aantire  fall* 

coned  at  24  rpm  throughout  the  entire  ran. 


_A.A_,,aiiv  being  made  in  instruments- 

ring  the  above  Oropa,  m^ifi«a*f^^*“^“  equipment  reaulted.  On  the  teata. 

Iits^“;;e^:ith£d  uit^t  cha^ 

;:rU7  sr-d^y  tre°srn:a"enca  of  the  recede,  but  no  deciaive  change 
13  noted# 


The  body  poaition  decided  on  for  the  halloon-dumw  teata  uaa! 
Banda  and  arma  rigid  and  tied  to  the  body. 

Knees  flexed  and  rigid. 

Hips  slightly  bent  and  rigid,  and 
Feet  tied  together. 
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^  j  .  .r  oiling  and  getting 
-reduce  the  possibility  of  the  configuration 

„ost  closely  simulated  tna  ^^^ipaent  was  returned 

^  •►Via  p  q7  progTBBi  in  April  1934-*  .  fabrication  of 

was  not  determined. 

Vtnvo  Platform  launch.  Balloon 
«  wft3  same  as  above*  rxa»^i.v^  Helium  was 

“37.  ^  teet  ^53.0CO  f..t. 

pumped  into  bull^  n  mecbanical  clods 

During  this  Two  open  canopies  were  ob- 

t^^td^i^^iately 

-“3-  r “ 

b^tK  rH«- - « ? 

data  was  obtained,  to  w  ^^3  ^oj,. 

study  of  the  -tudy  were:  New.  stronger 

duc^.  The  results  ^^  ^*'^33^^^  and  fabricated.  «  ^ 
auich  release  clamps  were  ware  remowed,  smoke  gre- 

?r:rji  1.^  o^ 

nades  were  to  be  ^leu  positive  system  of  heii^ 

incorporated  by  BADC.  «d  •  “« 

““rcr“t-r^  =y.»-  “> 


Drop  039  i 


type  01  cuw— 

Winxen  ll6-foot  ^^at'boOo'T®^*  settled  slowly 

rertb^rdf----^^ 


to  ear'ca#  ^ : 

Winxen  83 balloon.  ^J^^^dunoj  descended 

H  at^.000  ^STdata  was  obtainec 

attached  to  the  oaiJ. 
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Drop  0i|2t 


dfttsL  vias  obtained# 

in  .  ”““”|o5^clllaUcn  30 

«.fuaSa^p“  =iuu«.  W  fr«  mi  «!-•  -«  W 

seconds*  v«rtieal  launcli  used*  Balloon 

Drop  043!  ®;?‘7r’o00^ot.‘  DorelopMOt  of  film  Md 

ascended  to  7  •  ,  that  instrumentation  liad  been  acti- 

Sts  Sr'i”  riSSSnoStla  oa,  o4«ln.d. 

Dfop  044.  83.3 

toSS”. 

tion  and  began  a  ro tat i^  w^c  ^  aeconds.  Rotation 

102  rim.  Total  free  fall  time  was  xnw 
averaged  Ifi  rpm  for  69  seconds. 

OPop  045!  Wiazaa  83.3-f«t 

Balloon  ascended  to  75.000  reev.  rotation 

stabla  tor  10  to  «  “^“SSxiijm^of  l86  rim.  High- 

135  r^  ’ 

?LI  »ra.Sc^i  .rSoiUati^  aad  ?5  nm  rotatloa. 
Total  free  fall  time  was  145  seconds. 

Ocop  048!  .men 

30,000  feet.  One  q.  ivtnmy  #2  reached  a  peak 

Jl.  making  data  .®^rerage  rotation  of  127  rim 

rotation  of  I67  rpm  spinning  at  I08  rpm  when 

for  18  seconds.  a  in  kit^howed  a  perfect 

parachute  deployed,  and  c  ^  result  of 

TrrU!  was  88  seconds. 

p,cp  048  STe'dSSrs'aS  fns^SSSon 

bag  to  facilitate  Q4Ti«*e  the  instruiaente  func- 

SStSSi^peS^"irwSSSldSr.oS:n^futnr.  tests 

Without  the  bag. 
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Drop  047* 


llrop  043* 


Drop  049* 


Drop  050* 


tote  briloou. 

assumed  a  prone  position  and  began 

of  135  rpm  was  recorded  for  rpJJ  the  kit 

145  rpm.  Inmediately  on  was^n^  obtained  for 

separated  from  the  dummy,  and  data  was  not 

the  cooiple'te  feill# 

Stolen  «-toot  tope  taUoon.  YerUcal  launoh 
^Sloon  amended  to  78.000  feet  alto  one  dunmy.  Data 
from  this  drop  was  not  analyzed. 

General  MiUa  128-foot  b"“' 

cal  launch  used.  Balloon  ®®f ®  oind. 
at  launoh.  the  dummies  were  dragged 
and  the  kits  separated.  No  data  was  obtained. 

.  Winn«.  «-Doot  tape  J“‘“V“1.eto'’Follow- 

Belloon,  alto  10  aaconda.  toen 

ing  cut-down  the  dummy  f®^l  Se  oscillation 

began  rocking  iu  a  prone  p  • +,*ti^iriai  axis  through  the 

cn!n*.d  to  a  apln 

body.  The  apln  JndSatl^  type  of  motion 

rpm#  eiid  increase  again#  ^  ^o  nno  feet  at  which 

aae  recorded  until  toe  duw  ’^^b,  aalfunotlon. 

tin«  toe  hit  aaerage  longitudinal 

toe  dunmy  free -fell  to  toe  gwun  .  recorded 

spin  of  83  rpm.  with  a  peak  or  lu^ 
for  80  seconds. 


Drop  051* 


Drop  032! 


Drop  033* 


m  J  r.r.T,ciqtBd  of  two  dufflmies  dropped  with  stabiliz- 
SrilU  nft  he  dlecuaeed  In  tola  report. 

«eS; 

riSytooir^^^hy^-^^a!  »o  data  ana  obtained. 

General  Mills  128-foot  f  rteVSto 

launch  used.  Balloon  ^ gded  t^89.000^  ^  dlacorered 

dusmlos.  ®“/®°”®Lb  from  OummyV  bad  free-faien 

that  the  instrument  Kit  f rom  ^  revealed 

and  was  damaged  beyond  static  line  had  not  been 

ZS  SnreuThaTtoe  IlTtod  reached 
however,  was  reduced,  ana  ^ad  a  peak  rotation 

a  peak  rotation  of  120  rpm.  Dummy  #2  had  a  peaK 

of  approximately  200  rpm. 
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Drop  054:  Winzen  ll6-foot  tape  balloon.  Vertical  launch  used. 

Cut-down  sequence  started  while  the  balloon  was  still 
attached  to  the  crane.  Explanation  of  the  malfunction, 
given  by  Balloon  Unit  personnel,  was,  "false  radio- 
conmand -activated  sequence."  Equipment  was  slightly 
damaged. 


Drop  055:  Winzen  ll6-foot  tape  balloon.  Vertical  launch  used. 

Balloon  ascended  to  47»000  feet,  then  burst,  A  review 
of  proceedings  showed  that  balloon  had  insufficient 
payload,  and  ascent  was  too  rapid  for  balloon  s  ex¬ 
pansion  capabilities.  No  data  was  obtained. 

Drop  056:  General  Mills  128 -foot  tailored  tapeless.  Vertical 

launch  used.  Balloon,  with  two  dummies,  (one  stabilized, 
one  unstabilized),  ascended  to  89,000  feet.  UnstabUized 
duBmy  began  rotation  imnediately ,  and  reached  a  peak  of 
83  rpn,  with  an  average  of  80  rpm  for  7  seconds. 


Drop  057:  General  Mills  128-foot  tailored  tapeless  balloon. 

Vertical  launch  used.  Balloon,  with  two  dunmies  (one 
stabilized,  one  unstabilized)  ascended  to  90t300  feet. 
Unstable  dummy  began  rotation  immediately  and  reached 
peak  of  106  rpm. 


The  followlM!  page  preeenta  la  chart  fom  a  einmary  of  those  laua^es  which 
recorded  Talld^.  ^d  the  eaeuiag  pages  contain  graphs,  showing  typical  scampi, 

of  data  reduction. 


i 
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BALLOON  -  DUIal^  LAUNCHES  RjiCOiiDINS  VALID  DATA 


■ 

Date 

Balloon 

♦Note 

Launch 

Altitude 

Peak 

Avera;5e  RPM 
and  Time 

9  Dec.  '54 

W  83.33T 

Vertical 

75,000  ft. 

40 

30  RPM  for  120 
seconds 

044 

1  Mar.  '55 

;-83.3ST 

Vertical 

75,000  ft. 

102 

40  RIM  for  o9 
seconds 

045 

3  Mar.  '55 

;/83.3ST 

Vertical 

75,000  ft. 

166 

l35RrM  for  24 
seconds 

04d 

r -  ' 

15  June  '55 

v’l'lloST 

Vertical 

40,000  ft. 

Id  7 

127  RrM  for  IS 
seconds 

047 

23  Jime  ’55  j 

■(V95ST 

Vertical 

7d,000  ft. 

145 

135  RPM  for  7 
seconds 

050»* 

15  July  '55 

SY95ST 

Vertical 

86,000  ft. 

102 

83  RPM  for  80 
seconds 

053 

8  Feb.  '5d 

GM128TT 

Vertical 

89,000  ft. 

200 

110  Ki'M  for  12 
seconds 

,f2  not  analysec 

056 

18  May  ’56 

ail28TT 

Vertical 

89,000  ft. 

83 

70  dtVi  for  14 
seconds 

i 

057 

22  May  '5q 

(ail28TT 

Vertical 

90,300  ft. 

106 

75  RPM  for  10 
seconds 

*  Note  -  Balloon  symbols  are:  W  -  Winzen;  ST  -  Stress  Tape;  GM  -  General  Mills; 
and  TT  -  Tailored  Tapeless*  The  nitmbers  denote  the  diameter  of  the  Balloon* 

••  This  drop  was  unusal  in  that  the  spin  was  about  an  axis  running  longitudinally 
through  the  prone  body,  rather  than  about  a  rertical  axis  perpendicular  to  the 
earth's  surface.  Drops  023  (C-97)program)  and  050  were  the  only  drops  recording 
spin  about  the  lateral  axis* 
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DROP  NO.  045 


d  w 


CO  (CAL. J  -x*  R.P.  M. 


DROP  NO.  047 


23  June  1955 
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sgSft 


-qTn.-ra-. 


■  P— ■■■WB 


■■■■■■■I 

■■■■iiw 


»aa: 
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Bilggil! 
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i*  PBPPP  pppppppppp  ppHippppi  ppj  iBpPHPp  ppppp  ppppp  pKip  iippp  jppBP  ppppp  ■ 

■p  PWPBP  ppppp  ppppp  ppppp  pppppppppp  PPi  ippppppp  pppppppppp  piiii  ppppp  Ppppp  ppSp  i 


pppppppppp 


p pppppppppp ppppppppp 


ppp  pp  IPPPPPPP pppppppppp  pppppppppp ppp 
ppppp  ipp  ppppp  pppppppppp  pppppppppp  ppp 
- pppppppiippppppppppppppppp; 


nipl 

!■■■■ 

P  pppppppppp  Bll 
*  PPPPP  PPPPP  pp 


PPPPPPPPPP 


SBSpp  pBBpWH  88SS8IBB  ppppp  ppSpS  S^SSSSSSS  SpSppRpm  SpSmpppS  m  mpSpSS  SSSSp  SSpS  ppSppraSpp  pSmKWS  BHimBpiS  8! 

BB^S^^g^^p^^CTPjpp  ShOsSsS  S**™  pSppS  HHgSsTnpp .  ^^ESpS  ssSpS  ESpsI  kSSS  SsSsS  5555  kSss  s 


ppp  pppppppppp  pppppppppp  pnpp  ppppi 
ppp  pnBp  ppppp  liPPPPPiPP  PPPPPPPPP! 
ppp  ppppp  ppppp  ppppp  ppppp ippppppppi 


p ppppp  pppppppppp  ppppppp 
pppnppppppiapppPBPPPtl 
3 - ^ - E - ppppp  PPPPill 

HP ppppp  ■! 
ipppppppil 

_ MPPPPPPPP 

pppppppppp  ppppp  j< 
p  ppppp  PPPPPR 
p  ppppp  ppppp 
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p  ppBpaPBPii  pw  ippppppp  pplaa ppppp PRaBRPBBBP  ppppp p  imp  pppppppppp  pppm pmbp  iMPPpaapp pppppppppp  pppppppppp  pppppppppp  ppppp ■' 

PPPMPPPPPPPpI  PPPPPMP  ppppp  PPMP  ppppp  pm  pp  MPMP  IPM  PPPPipMPP  pppppppppp  MPMPPMP  PPMP  MPM  PPPM  ppppp  PPMPPPPPP  PPPPP  ■> 
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laaSsSgasggmgaaaMasa^jgaaSaaaMgMagmmgBKmisKggmaaaagaBaRggis 

iiMsSMy  &  laa^K  asaa^M  aap^Sa  Sm*  ■  psas  aapaSa  PMapiipp  asaa^S  ^5a  aSSS  aas^^aSs^^  sbii!  sssr  si 
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I  IPPMPPPtlPliPPMPP  Pi  ppppp  i  PPPM  PPMPPMPP  PPPPP  PPPPP  PPPPPPPPPP  PPPPTPPP^ _ „  

_ _ _ _ I  IPPPPPPP!  tP  I IMMPP  It  IP  PPPt  1  PPMP  PPMPMBPP  PPPPP  PPPPP  MPPP  PPP  iP  PPPM.IPPPP  RMPPPPPU  PPapPj 

PMPMPppppt  ~  IP  ipaMPPPi  1 1  ipppppp  n  IP  PPMPMPM  PPMPPPPPP  ppppp  PPPM  pppTPPiPi«pr.iiPt  MPr  krill' II -p 
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BPPPM  MPM  MPMPMPPPPPPaiHMPF^ 


888 88888388 888888 888 8888888888 
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SECTION  III 
CONCLCSICNS 


J 


results  of  these  tests,  it  Is  apparent  that  no  man  can  be  e2peetA,<* 
to  free-fall,  unstabilized,  from  high  altitude  without  a  veiy  strong  possibiliS 
of  severe  spinning  and/or  tumbling  which  would  cause  injury  or  death,  either  i 
directly  or  indirectly.  Therefore,  systems  of  stabilizing  a  free-falling  body  I 

are  being  studied,  and  this  stabilization  study  will  constitute  Part  II  of  tM*.  ^ 
report,  . 
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